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-curing, etc., that require some general microbiological service. There are 
-also certain local problems in areas of high humidity such as the deterioration 
of paint, instruments and building materials. 

4. Apart from cheesemaking, New Zealand is interested in four types 
of industrial fermentation—brewing, wine making, retting and silage making. 
The complexities of natural fermentations really demand long-teim team 
"work which would not be justified in New Zealand, but some microbiological 
Work relating overseas knowledge and methods to local conditions would be 
of great value. 

5. New Zealand's prosperity is ultimately based on the soil. At present 
little if anything is known of the micro-flora of New Zealand soils and this 
is a most serious omission in our scientific iflau. New Zealand possesses 
certain advantages for the study of soil microbiology—virgin land untouched 
by man lies adjacent to cultivated soils—and a long-term policy might well 
yield results of value. 

# & I* general microbiology has been neglected in the past both by the 
■University and the research stations. The establishment of a unit for research 
in antibiotics with special reference to animal and plant diseases, is an 
important step towards making good this deficiency. Moie microbiological 
work, however, is still required, particularly for servicing the smaller indus¬ 
tries and relating overseas research to local imoblems. 


PLANT DISEASES CAUSED BY VIRUSES. 

By E. E. Chamberlain, Assistant Director Plant Diseases Division, D.S.I.R. 

In ancient times diseases were attributed to supernatural causes. Following 
the discovery of the microscope, however, it was found that tiny organisms 
such as bacteria or fungi were associated with many diseases and in the 
eighteenth century the germ theory of disease was established. It was then 
believed that for each disease there would be isolated some organism which 
could be cultured and examined microscopically. This theory had to be 
abandoned when in 1892 Iwanowski showed that a bacteriologically sterile 
filtrate of sap from mosaic-infected tobacco plants caused infection in healthy 
plants. Eventually his work led to the recognition of the group of diseases. 
which have become known as viruses. In 1899 Beijerinck propounded his 
virus theory of a "living contagious fluid.” From then on many plant-virus 
-diseases were recorded and described, but it was not until the early 1920's 
that fundamental studies were undertaken. Most of our knowledge of viruses 
has, therefore, been accumulated during the past twenty-five years. 

Viruses have three distinctive features. 

(1) They arc infectious. 

(2) Under a microscope using ordinary light they are invisible. 

(3) They can multiply only in living tissues. 

Present workers define a virus simply as “ an infectious disease, the casual 
agent of which is invisible.” 

Regarding the nature of viruses there have been many theories but until 
recently it was generally accepted that they were minute organisms somewhat 
of the nature of very small bacteria. Studies during the past eleven years, 
however, have altered this conception. About twenty viruses, from a total 
of over two hundred known, have been isolated in a pure crystalline form. 
Chemical studies have shown that these are nucleo-proteins composed of 
nucleic acid and varying numbers of amino-acid groups. Each virus particle 
is a single molecule of nucleo-protein. This chemical simplicity distinguishes 
them from even the simplest organisms and might appear to indicate that 
they are inanimate chemical compounds. On the other hand they possess 
.such indisputable properties of life as the power to multiply and mutate. 
-Hence it must be concluded that they occupy a borderline position between 
rthe living organism and the non-living chemical. 
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Although each virus particle is a single molecule, the molecules them¬ 
selves are relatively very large, varying in molecular weight from about 
1,800,000 to 7,500,000. In actual dimensions, however, they are small, the- 
diameter of the larger spherical particles being approximately one-fortieth* 
of a micron compared with one micron for the smaller bacteria. The electron 
microscope which gives magnifications over thirty times greater than the- 
ordinary microscope lias shown that the particles vary from spherical to needle- 
shaped. 

Virus symptoms are many, the commonest being a change in colour of 
foliage. Thus leaves may become chlorotic, show light and dark green mosaic 
mottling or a pale pattern of concentric rings. Other signs of their presence- 
include an alteration in leaf shape or the development of necrotic areas on* 
leaves or stems. In most cases stunting of plants accompanies foliage symp¬ 
toms. Flowers are often affected, frequently showing a spectacular break im 
colour. In the case of fruit some viruses induce mottling and others necrotic 
markings. From the economic point of view the most significant symptom is* 
reduction in cropping power. It has been shown that “ carriers/' which are- 
diseased plants showing no external symptoms, sometimes have a reduced 
yield. Actual death of plants rarely follows virus infection. 

In general viruses are systemic. Therefore they are transmitted by all’ 
vegetative methods of propagation. They are carried in tubers of potatoes*, 
mnners of strawberries and in all cuttings, bulbs, etc., from diseased plants* 
Transmission may take place through the use of buds or scion wood from* 
infected trees. 

Some viruses are transmitted when leaves of healthy plants are rubbed 
with infective sap. Experimentally this technique is commonly practised, 
while in the field, when the more highly infectious diseases are present,, 
it is used unwittingly by workmen whose fingers become contaminated when* 
handling infected plants during cultural operations. 

Sucking insects are responsible for the natural spread of most viruses.. 
After feeding on infected plants they are able to transmit the disease to- 
healthy plants. As a rule only a few species of such insects are involved in 
the spread of any one virus. 

Seed transmission may occur, but fortunately with only a few viruses. 

Owing to their inability to produce anti-bodies, plants, unlike animals* 
never recover from virus infection. 

The ability to mutate, upon which evolution mainly depends, may result 
in one virus having several strains. Studies of tobacco-mosaic mutants have’ 
shown slight differences in their chemical compositions. Symptoms produced 
by different strains vary considerably, some having only a slight effect on> 
plant growth. When infected with a mild strain plants are immune to a 
more virulent strain. The mechanism of this immunity is different from that 
which occurs with animal viruses as no anti-bodies are formed. It has been 
suggested that the tissues can accommodate only a limited quantity of any 
one virus so that the presence of one strain prevents the development of a 
second. 

Sexology is assuming importance in the study of plant viruses. If the- 
sap from an infected plant is injected into the blood-stream of an animal 
the virus acts as an antigen, stimulating the production on anti-bodies. Wheii* 
antiserum obtained from the animal is mixed with further sap from the dis¬ 
eased plant the anti-bodies react with the virus. Formation of a precipitate- 
is the reaction most used. Besides being useful for identification the technique 
is of value in studying the relationship of different strains, these having the 
same serological reactions. 

Host-range may be restricted or wide. Some viruses are known to infect 
only one species, some attack a limited number of species within one family, 
while others may infect many species in unrelated f amili es. 

Many factors are taken into consideration in the identification of viruses,, 
including symptoms, host-range, methods of transmission, serological reactions- 
and physical properties. Physical properties employed are thermal death- 
points, longevity in vitro and dilution end-point. All factors may not be applicable-" 
in the identification of any one virus. 
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Virus-infected plants do not recover naturally nor can recovery be 
brought about by treatment. Therefore, control measures must be directed 
towards preventing the introduction of disease into crops and spread within 
the crops once a disease has appeared. 

The following control measures have been suggested:— 

(1) Rogueing of infected plants. 

(2) Destruction of alternative hosts. 

(3) Isolation of susceptible crops from likely sources of infection. 

(4) Sanitation in case of highly infectious viruses. 

(5) Use of disease-free seed in case of seed-carried viruses. 

(6) Use of healthy stocks in vegetatively propagated plants. 

(7) Use of resistant varieties. 

(8) Heat treatments (applicable in only a few instances where viruses 
have very low thermal death-point). 


(9) Control of insect vectors. 

(10) Possible use of acquired immunity. 

I have made a number of definite generalisations, but one of the interest¬ 
ing features of viruses is that there are exceptions to most statements. Tor 
instance, a few viruses are not truly systemic, instances of recovery are known 
and in certain cases recovery can be brought about by treatment. 


A study of virus diseases in New Zealand was begun in 1930. Since then 
some thirty-three viruses attacking sixty-nine hosts have been recorded Mid 
the list is being added to every year. Included in these are some of the 
most serious plant diseases present in the country. Though difficult to arrive 
at a reliable figure for losses caused by diseases it is, m a few instances, 
possible to make estimates. Losses through tobacco-mosaic amount to not less 
than £50.000 a year, while virus diseases of potatoes cause an annual loss 
of at least £20 000. Even greater losses must be brought about by tomato 
spotted-wilt, which attacks tomatoes, lettuces, peas and many garden orna¬ 
mentals grown for the cut-flower trade. 


PLANT BACTERIOLOGY IN NEW ZEALAND. 


By W. D. Beid, Plant Bacteriologist, Plant Diseases Division, D.S.I.R. 

The study of bacteria in relation to plants is a comparatively recent endeavour 
and in New Zealand our first bacterial disease was recorded by T^ W Kirk in 
1905. Prom that time until 1919 further diagnosis of bacterial plant peases 
was based on symptoms described in overseas literature In 1919 K. Waters 
introduced more accurate diagnosis by studies of morphology, P J 1 
pathogenicity of the causal organisms. Control measures for economic diseases, 
however, still followed overseas practices. 

In recent years more attention has been given to fundamental taxonomy and 
to more detailed experimental work on control methods suited to New Zealand. 
In an institution concerned largely with economic diseases of agriculture and 
horticulture it has been necessary to develop these phases of work simultaneously, 
for in dealing with the practical application it has been more and more necessary 
to consider basic work on morphology and physiology of the organisms involved. 
Likewise, in evolving suitable control measures, it has been increasingly impor¬ 
tant to know more of the dissemination and pathogenicity of the organism and 


susceptibility of host plants. 

Plant bacteriology has included studies on nodule bacteria of legumes. For 
some years culture for inoculation of lucerne has been distributed to farmers 
and this past season sufficient for approximately 200,0001b. of seed was used. 
This method of inoculating lucerne crops is highly successful provided soluble 
fertilisers are not mixed with inoculated seed. The same method has been applied 
to white clover in an attempt to improve establishment of this legume, but 
satisfactory results have not been achieved. In New Zealand strains of white- 








